Background: Elimination of hospital-acquired infections is an important patient safety goal. Setting: All 174 medical, cardiac, surgical and mixed Veterans Administration (VA) intensive care units (ICUs). Intervention: A centralised infrastructure (Inpatient Evaluation Center (IPEC)) supported the practice bundle implementation (handwashing, maximal barriers, chlorhexidinegluconate site disinfection, avoidance of femoral catheterisation and timely removal) to reduce central line-associated bloodstream infections (CLABSI). Support included recruiting leadership, benchmarked feedback, learning tools and selective mentoring. Data collection: Sites recorded the number of CLABSI, line days and audit results of bundle compliance on a secure website. Analysis: CLABSI rates between years were compared with incidence rate ratios (IRRs) from a Poisson regression and with National Healthcare Safety Network referent rates (standardised infection ratio (SIR)). Pearson's correlation coefficient compared bundle adherence with CLABSI rates. Semi-structured interviews with teams struggling to reduce CLABSI identified common themes. Conclusion: Capitalising on a large healthcare system, VA IPEC used strategies applicable to non-federal healthcare systems and communities. Such tactics included measurement through information technology, leadership, learning tools and mentoring.
INTRODUCTION
The landmark Institute of Medicine report characterised preventable injury as an important and largely ignored problem in healthcare delivery, contributing to mortality and costs. 1 The Saving 100,000 Lives Campaign of the Institute for Healthcare Improvement (IHI) galvanised efforts to reduce preventable injury. 2e5 The campaign aimed to reduce two hospital-acquired infectionsdcentral line-associated bloodstream infections (CLABSI) and ventilatorassociated pneumoniadby implementing bundles of evidence-based practices. Bundle practices to reduce CLABSI included use of maximal sterile barriers (bed-sized sterile drapes, sterile gown and gloves, cap and mask), chlorhexidine gluconate skin prep, avoidance of femoral sites during insertion and removal of the line once no longer needed. 6 7 Several single and multicentre studies reported reduction in CLABSI after bundle implementation in intensive care units (ICUs). 8e12 To engage leaders, US payors eliminated a perverse incentive, additional payment for CLABSI. 13 Recently, the Center for Disease Control (CDC) reported a 17% reduction in standardised CLABSI rates from January to June 2009 in 17 states with mandatory reporting. 14 Senior leaders in the Veterans Administration (VA), the largest US healthcare system, agreed to participate in IHI's campaign in 2006. Responsibility for national coordination and measurement of CLABSI was assigned to the director of the VA Inpatient Evaluation Center (IPEC), a new quality infrastructure. This paper, following the SQUIRE (Standards for Quality Improvement Reporting Excellence) guidelines, 15 describes the implementation of a practice bundle to reduce CLABSI using infrastructure elements focused on building leadership support, measurement, shared learning, mentoring and teams to move practices.
METHODS

Project review
The CLABSI initiative is part of an operational VA ICU quality improvement programme. The proposal to conduct and publish an evaluation of the CLABSI initiative was reviewed and approved by the institutional review board at the University of Cincinnati and the VA ICU clinical advisory group composed of a nurse manager and ICU director from each of the VA's 21 regions.
Setting
The 174 VA ICUs in 123 hospitals admit 103 68961156 patients annually to 1774 beds. The VA has five types of ICUs (cardiac care units, medical intensive care units, medical intensive/cardiac care units, surgical ICUs (caring for predominantly postoperative patients) and mixed units (caring for cardiac, medical and surgical patients)) with four levels of complexity. Level 1 ICUs offer the most complex services and level 4 ICUs have more limited testing and evaluation available. 16 From electronic data, IPEC reports risk-adjusted mortality and length of stay and process adherence quarterly for all VA ICUs. 17 18 The characteristics of VA ICUs are described in online supplementary table A.
Intervention
The national project plan (1) recruited leadership interest, (2) identified strong practices within the VA early and spread their use, (3) created a system for learning, (4) developed a measurement system for CLABSI rates and practice bundle adherence, (5) reported benchmarked CLABSI rates and (6) mentored struggling sites. Local ICUs structured their implementation based on local conditions.
Recruiting leadership and identifying strong practices National, regional and hospital leaders agreed to implement the bundle of practices to reduce central line infection rates as part of IHI's Saving 100,000 Lives Campaign in 2006. To recruit mid-level leadership, IPEC programme managers interviewed the ICU nurse managers and infection control practitioners in every VA Figure 1 Intensive care unit (ICU) process page in quarterly dashboard, where aggregated national results are presented (mean, 15th and 85th percentile). Process page tracks CLABSI and ventilator associated pneumonia rates, it also tracks hypoglycaemia and hyperglycaemia, pharmacologic prophylaxis to prevent deep venous thrombosis and throughput.
ICU, reviewing existing practices to reduce CLABSI and CLABSI rates. These interviews identified early successful sites. An ICU dashboard updates the leadership regarding progress of their ICUs in reducing CLABSI rates compared with national rates (figure 1). The IPEC director identified progress or problems in reducing CLABSI and strategies to jumpstart success in biannual regional conference calls attended by regional and hospital directors and chief medical officers and ICU managers. The annual executive leadership contract and performance contracts of some ICU managers included reduction in CLABSI rates in 2008.
Creating learning
The national project began with a 2-hour web-based conference call (agenda -online supplementary A web-based toolbox shared tools from ICUs that had reduced their CLABSI rates. These tools included CDC definitions, case scenarios to test understanding of the definitions, measurement tools, an annotated bibliography, powerpoint slides adaptable for local presentations, learning modules with continuing education units (CEUs), depiction of contents and organisation of a line cart, examples of daily goal sheets and policies and procedures. Some ICUs mandated learning module completion, others made it available with free CEU as an incentive.
Mentoring
Twelve months after the kick-off, IPEC programme managers invited five to six ICUs with either the highest CLABSI rates or absolute numbers of infections to be mentored. Initial semi-structured interviews with each site focused on use of facilitators (team members, established goal for initiative, physician champion, feedback system to front line staff and to local leadership, use of forcing functions, availability of supplies needed for implementation) identified in the literature and improvement method (online supplementary table C). From the interview, programme managers and the sites projected a series of Plan-Do-Study-Act (PDSA) cycles. The progress towards implementation of next step was assessed with monthly calls. In a qualitative analysis, two investigators (MLR, RH) reviewed data from the initial structured interviews and notes from the calls for common themes.
Planning the study of the intervention
This was an observational quality improvement project where adherence to the CLABSI bundle elements and CLABSI rates were tracked monthly across all ICUs in the VA.
Measures/definitions CDC definitions were used (table 1) . 19 
Data collection
Data element Definition
Central line Terminates at or near the heart or in a great vessel. CLABSI infection rate Number of CLABSI divided by the number of device days multiplied by 1000. For hospitals with <750 line days, the number of months since the last infection is reported. Laboratory confirmed CLABSI infection When a patient has or had a central line within the past 48 h and either a recognised pathogen is grown in one or more blood cultures in the absence of another source for that pathogen or the patient has clinical signs of infection (hypotension, fever, chills) not related to another site of infection and grows a skin pathogen from at least two blood cultures.
Central line day
Counted for each patient who has one or more central lines in place. Central line utilisation rate Number of line days divided by the number of patient days. Four out of six hospitals with the highest numbers and rates of infections volunteered to participate in mentoring. Over a year, infection rates of mentored sites decreased 53%, from 7.7/1000 line days in 2007 to 3.6/ 1000 line days in 2008; and 1.1/1000 line days in 2009. Common themes from qualitative analysis of initial semistructured interviews included a poorly organised team, lack of a physician champion, failure to set a goal, limited or no feedback to clinicians regarding the unit's infection rates and lack of forcing functions (line carts, checklists, etc.).
Effectiveness of intervention strategies
DISCUSSION
This paper reports a reduction in CLABSI in the largest healthcare system in the USA. The infrastructure and systematic approach used in this effort can be translated to improvement projects in other large healthcare systems, states and communities as well as VA ICUs. The qualitative analysis of struggling sites supports the value of using a variety of strategies in improvement efforts.
The SIR for the VA CLABSI in 2009 is similar to referent rates reported by the NHSN 21 and those reported by Missouri, 22 Pennsylvannia, 23 New York 24 and
Colorado. 25 The VA SIR (0.77) for the first 6 months of 2009 is lower than the NHSN SIR of 0.83 in 17 states with mandatory CLABSI reporting. Since the NSHN rate for the 17 states is drawn from an incomplete sample of hospitals (range 32e100% by state), selection bias may overestimate improvement in these states. In contrast, the VA SIR represents a 100% sample. VA ICUs, like others nationally, will be challenged to meet the 5-year goal of US Health Human Services to reduce CLABSI by 75% (SIR of 0.25), translating to CLABSI rates by type of ICU between 0.37 and 0.56/1000 line days. We found the goal of zero infections/line days achievable in ICUs with limited missions, but sustaining zero in large complex ICUs may be associated with patient factors 27 Several factors argue against a temporal trend in infection rates accounting for the reduction in CLABSI, unrelated to the intervention. First, the economic incentive, elimination of additional payment for CLABSI didn't affect VA hospitals. Second, the rate of change mirrors the stepwise implementation of interventionsdthe national kick-off call, feedback, mentoring and addition of the CLABSI rates to executive performance contracts. Third, the timeframe matches that of the Keystone project adjusting for the differences in size. Healthcare systems or communities with different organisational cultures might need to adapt these tactics. The VA quality infrastructure in the ICU capitalises on the electronic medical record to build quality indicators for ICU report cards. 28 29 The VA CLABSI initiative applied principles from high performing microsystems and organisations 30 : (1) engaging multiple levels of leadership, (2) support of the microsystem (measurement, benchmarking, tools, policies/procedure samples), (3) education/training (learning modules with CEU), (4) interdependence (daily goal sheets), (5) process improvement (CLABSI project), (6) performance results (report cards and review by regional and local leadership) and (7) information technology (rollup of local data, dissemination of results). VA ICUs reduced the CLABSI across all types and levels of ICUs. This model can likely be used to support improvement goals in the private sector within large healthcare systems, states or community improvement projects.
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